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INTRODUCTION 
The mechanisms giving rise to cytologic?! aberration in 
tissues exposed to ionizing radiation pre of fundamental con­
cern in this atomic age. Investigation of these phenomena 
has very practical significance in such areas as cancer re­
search, health physics and plant and animal breeding, but 
above all such studies can contribute much to our bpsic under­
standing of life. Greater insight into the structure and 
behavior of the genetic material, and into the evolutionary 
and ecological implications of our radioactive environment 
is the goal. 
Sparrow et el. (1958) published a bibliography of some 
2,586 publications through 1955 on the subject of radiation 
effects on plants alone, and over 500 of these concern chromo­
somal damage. Desnite such an extensive amount of research 
we still know little about the mechanisms involved. 
One of the greatest difficulties in designing useful 
experiments in this area arises from our inability to deter­
mine accurately the mitotic stage of individual cells in 
somatic tissue at the time of irradiation. This is of extreme 
importance because, as will be discussed in detail later, 
susceptibility to radiation damage varies greatly as the 
mitotic cycle progresses. Consequently an ideal experi­
mental material would have tissues in which all cells exhibit 
a high degree of synchrony in mitosis, as well as having a 
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relatively few large chromosomes. No organisms have been 
discovered to date which exhibit such behavior in their 
somatic parts. Consequently a number of workers have turned 
to mi c ro sporogene si s in anglosperms where the two meiotic 
divisions exhibit a high degree of synchrony within a given 
anther and, to almost as great an extent, between anthers 
in a given bud. The advantages of such material ere to some 
extent offset by the fact that meiosis is a much more complex 
process than mitosis. Complications such as those introduced 
by synapsis and crossing-over make analysis of the aberrations 
seen after irradiation during meiosis more difficult than the 
analysis of similar damage occurring during mitosis. 
As first shown by Erickson (1948), a close relation 
exists between the stage of gametogenesis and bud length in 
Llllum. In this genus measurement of bud length permits 
determination of stages within narrow limits without the 
necessity of examining the sporogenous tissue microscopically. 
Grouse (1954), Bowen and Sparrow (1954), and Mitra (1958) 
have utilized Llllum anthers for their experiments. Wilson 
et al. (1959) have similarly employed anthers of Trillium. 
As will be described later, these workers have shown that the 
resultant damage varies quantitatively and qualitatively ae 
different stages of first meiotic prophase are irradiated. 
To date, however, there has been little or no effort to 
treat this problem from a statistical point of view. Because 
.3 
of the large number of factors contributing to the variability 
of biological populations, we must be able to estimate the 
variation due to chance sampling as v:ell as other factors 
beyond the control of the investigator. A radiation experi­
ment utilizing maturing anthers of Li Hum, planned and with 
resultant data analyzed using a statistical approach, should 
give us considerably more insight into the mechanisms which 
result in nuclear damage after radiation. 
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REVIEW OF LITERATURE 
Within a year after the announcement of the discovery 
of x-rays by Roentgen in 1895, papers appeared describing 
injurious effects of x-radiation on plants. The discovery 
of natural radioactivity by Becquerel in 1896 led to other 
investigations concerning the biological effects of ionizing 
radiation. However, it was not until the publications of 
Muller and Stadler in 1927, in which they showed that 
x-irradiation dramatically increased the frequency of muta­
tions, that real Impetus was given to research In this area. 
It would be beyond the scope of this investigation to give 
even a brief survey of all areas of radiobiology; conse­
quently only the review of papers directly concerned with 
the present research is attempted here. 
Effect of Irradiation on Chromosomes 
The early work on radiation effects on chromosomes has 
been reviewed in detail by Hollaender (1954), Muller (1954), 
Lea (1955), Bacq and Alexander (1955), Sax (1957), and Claus 
(1958). The subject has been discussed in several symposia 
(Hollaender, 1950; Nickson, 1952; Darlington, 1953; Sparrow, 
1957). It has been established (Sax, 1957; Swanson, 1957) 
that ionizing radiations produce three general clssses of 
aberrations depending upon the stage of the nucleus in the 
mitotic or meiotic cycle at the time of Irradiation. 
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1) Irradiation at Interphase In general results In 
chromosome aberrations, which include acentric fragments, 
dicentrics and ring chromosomes. Inversions end transloca­
tions are also produced but are difficult to detect and so 
are usually not included in statistical studies. 
2 )  Irradiation at prophase in general results in chroma­
tid aberrations, which Include deletions of one or both 
chromatids. The breakage of both chromatids at the same level 
and failure of restitution results in isochromatld aberra­
tions. Breaks in the chromatids of different chromosomes 
followed by illegitimate reunion form chromatid dicentrics. 
The breakage and reunion of sister chromatids forms chromatid 
rings. 
3) Irradiation in very late prophase or metaphase pro­
duces half-chromatld or "sub-chromatid" aberrations, which 
include half-chromatld exchanges between sister chromatids 
and between chromatids of different chromosomes. A range of 
more or less complicated aberrations, some of which may not 
be visible cytologlcally for one or two division cycles, 
result, the nature of each depending on the geometry of such 
breaks and subsequent reunions, as well as to the relative 
position of the event In relation to the centromere and 
existing chiasmata. 
Darlington and LaCour (1953) classified the effects of 
x-rays at meiosis into three categories: l) breakage arising 
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in the resting stage, 2) errors of reproduction and crossing 
over arising in the prophase, 3) breakage derived from treat­
ment at metaphase and anaphase. They feel that prophase and 
even resting stage effects are largely "postponed" until meta­
phase and anaphase. Metaphase and anaphase effects are not 
released until Interphase and appear at the second division. 
They postulate a series of physiological effects which disturb 
spindle-formation and cause interlocking, including errors of 
centromere behavior and of reproduction. They believe the 
most apparent of the errors of reproduction is two-plane 
splitting of chromatids due to "multiple monid" structure. 
Mechanisms of Aberration Production 
An understanding of the manner in which radiation induces 
breakage of chromosomes has largely been based on quantitative 
studies by Sax (1938, 1948) and subsequent workers. This 
pioneering work has been summarized by Lea (1955). 
According to the most widely accepted theory of aberra­
tion production, radiation directly or indirectly breaks the 
chromosomal elements and then these breaks can remain open 
or rejoin either by restituting or by reuniting with other 
broken ends. If the breaks remain open, a deletion of the 
genes in the acentric portion of the chromosome will result, 
for the portion without a centromere cannot move to the poles 
during mitosis and is lost. If restitution occurs, there will 
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"be no cytologic ally detectable effect; but, if reunion occurs, 
aberrations result. Symmetrical reunions are usually viable 
and have Interesting cytological and genetical consequences, 
but asymetrlcal unions form dicentrics, rings, and acentric 
fragments, and cells containing such configurations generally 
abort after one or two mitoses. 
Carlson (1938a) maintained that acentric fragments give 
rise to V's, rings, and pairs of rods, and can move and con­
tact the spindle. Sax (1941b) showed that acentric fragments 
usually lie free in the cytoplasm and are not Included In the 
daughter nuclei. Kolier (1943) pointed out that acentric 
fragments frequently form micro nuclei. Catcheslde .et al. 
(1946) noted that acentric fragments may or may not form 
sister unions. 
Mather and Stone (1933) showed chromatid bridges at 
anaphase, which they presumed were formed by the chromatids 
being involved In a translocation. According to Carlson 
(1938b), bridges may result from : l) the union of two centric 
chromosomal fragments, 2) the union of two centric chromatid 
fragments, 3) the fusion of sister chromatids at their broken 
ends. Sax (1941a, 1941b) considered that such bridges result 
from the union of two centric chromosome fragments followed 
by the separation of the sister strands. Matsuura (1950) and 
Matsuura and Haga (1950) concluded that a broken end might 
unite with an unbroken end, as well as with another broken end. 
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They were of the opinion that broken ends often do not resti­
tute, persisting until chromosomes duplicate, to form paired 
chromatids which may "bridge together at their broken ends". 
Half-chromatld damage after irradiation at very late 
prophase has only recently come to the attention of cytol-
oglsts. Darlington and LaCour ( 1953), Grouse ( 1954), and 
Davidson (195?) have pointed out that late prophase irradia­
tion results in bridges without fragments at the subsequent 
anaphase in both mitotic and meiotic material. This is in 
contrast to chromatid bridges which invariably are accompanied 
by one or more acentric fragments. These bridges without 
fragments, show unique configurations called "pseudo-chiasmata" 
by Darlington and LaCour (1953). Most workers have attributed 
such bridges to the reunion of broken half-chromâtids and, in 
fact, they were called "half-chromatld" bridges by Grouse 
(1954). "Two-side-arm" bridges is the descriptive appellation 
used by Wilson £$. si.. (1959). The high frequency of their 
occurrence after irradiation of late meiotic prophase was 
shown by Grouse (1954), confirmed by Bowen and Sparrow (1954) 
and investigated in more detail by Mitra (1958) and Wilson 
et al. (1959). All of these workers point out that such 
bridges are almost the sole evidence of damt at first ana­
phase after very late meiotic prophase irradiation. 
Wilson si &L. (1959) came to the following conclusion 
regarding the target and the number of strands broken by a 
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single event : 
1) The most likely target for primary effects is the four 
associated half-chromatids of a half-bivalent, where the half-
bivalent is effectively quadripartite. 
2) Only two of the four half-chromatids ere broken by a 
single event. Exchanges between two half-chromatids of sister 
chromatids will produce one true dicentric half-chrometid 
bridge and one type in which the bridge results from an Inter­
locking of coils. Whether the half-chromatld bridge occurs 
at anaphase I or II depends upon the position and number of 
chlasmata between the point of breakage and klnetochore. 
Varietal Differences in Reaction to Radiation 
Varietal and specific differences In reaction to radia­
tion have long been known. The most studied differences be­
tween species in the same genus are the cases where differ­
ences have been correlated with variations in chromosoms num­
bers. , Sparrow (1955) showed that polyploid series within 
Chrysanthemum, Sedum. Graptopetalum. and Luzula exhibit great­
er tolerance to radiation the higher the ploidy level. In 
general he also points out that chromosome size seems to play 
an important role in determining radlosensltivlty and that all 
plants studied up to 1955 with large chromosomes have rela­
tively high radlosensltivlty and all those with high tolerance 
have relatively small chromosomes. Sensitivity in these ex­
periments was determined by the level of chronic Irradiation 
10 
In a gamma field at which plant growth was visibly deranged. 
On the other hand, in certain genera radlosensltivlty 
cannot be correlated with chromosome size or chromosome num­
ber. Johnson (1936) showed differences in x-ray sensitivity 
in three varieties of Atriplex hortensia which she correlated 
with variations in decrease in catalase activity after radi­
ation. Smith (1942) demonstrated that a single Mendelian gene 
(xs) in Trltlcum monococcum greatly Increased gross damage and 
decreased growth rate in seedlings after irradiation of 
dormant seeds homozygous for this factor. 
Radiation Reaction at Different Stages of Meiosis 
It has long been known that mitotic cells are much more 
sensitive than interphase cells; however, there has been con­
siderable disagreement ss to the exact time of highest sen­
sitivity in the mitotic cycle. 
The factors that determine the sensitivity of chromosomes 
to breakage by radiation are not well understood. One of the 
greatest difficulties encountered is the determination of 
whether differences In the final aberration frequency result 
from differences in initial rates of breakage, or from dif­
ferential rates of restitution and reunion. 
Sparrow si si. (1952a, 1952b), scoring fragments only at 
anaphase I plus those at the first microspore division, showed 
that, under these criteria, maximum sensitivity to irradiation 
appeared to occur at diplotene, although he had fewer frag-
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ments at anaphase I after late prophase irradiation than after 
pachytene Irradiation. He proposed that this peak of sensi­
tivity might be coincident with the time of DNA synthesis. 
Grouse (1954) scored both bridges and fragments at anaphase 
I in Llllum and showed greatest sensitivity at diaklnesis. 
She, however, did not investigate damage at later anaphases. 
Taylor (1953, 1958) and Taylor and McMaster (1954) used radio-
autographic techniques and showed that in mitosis DNA is 
synthesized during mitotic interphase and during preleptotene 
in meiotic material. Mitra (1958) reported two peaks of 
maximum sensitivity in Llllum. one around dlplotene-dlakinesia 
and one at preleptotene. 
Dose-Aberration Frequency Relationship 
The relation between dosage and frequency of various 
types of radiation induced chromatid and chromosome aberra­
tions has been used by many workers to gain Information re­
garding the mechanism of aberration formation. Sax (1941a) 
and Swanson and Schwartz (1953) have shown in Tradescantla 
that rings, dicentrics, and exchange aberrations tend to 
Increase as the square of the dosage and show a quantitative 
relation to dose intensity. They suggest that each such 
aberration is the result of two independent radiological 
events (or "hits") whereas chromatid deletions, which show 
linear dose response are Independent of intensity and are the 
12 
result of a single hit. 
Swanson (1957) believes that particulate radiations are 
capable of breaking more than one chromosome during the pas­
sage of a single ionizing particle and that a dose-squared 
relationship will not always hold. Giles (1940, 1943) and 
Kotval and Gray (1947) have shown a linear relation to dose 
of all types of aberrations after exposure to neutrons and 
alpha particles. This linear relation has been confirmed by 
Conger and Giles (1950) for neutrons and by Conger (1954a, 
1954b) and Klrby-Smith and Swanson (1954) for radiations re­
leased from nuclear detonations. They concluded tha s single 
neutron track is wide enough to cause two nearby but inde­
pendent strands to break. 
Rick (1940) and Swanson and Schwartz (1953) showed a 
relation to dose intermediate between the one-hit chromatid 
deletions and two-hit exchanges for lsochromatid deletions 
and interstitial chromosome deletions. They felt that these 
aberrations constitute a mixture of one- and two-hit types. 
Distribution of Aberrations among Cells 
Sax (1940) observed in Tradescantia that the number of 
rings is one-fourth the number of dicentrics as against the 
expected one-tenth. With twelve chromosome arms and purely 
random rejoining, a broken arm should have a one-tenth chance 
of reuniting with the other arm of the same chromosome as 
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opposed to nine-tenth chances of rejoining any other arm. He 
explained results on the basis of a spatial limitation on 
exchange production; it being necessary that two random breaks 
be very close to one another for an exchange to form. In 
other words, on a purely spatial basis, there would be more 
chance of an arm reuniting with its other arm than an arm on 
another chromosome. 
Lea (1955) postulated that for an exchange to take place 
the breaks must be within lp of each other. Wolff (1959) 
feels that this distance is much smaller, probably about 0.1 
|jl , and that there are only a limited number of sites ( about 
two to three) within the nucleus where two strands of the 
chromosomes come close enough to rejoin. He based this 
assumption on the fact that for a given dose his observed 
damage did not follow a Poisson distribution within cells. 
Samford (1955) analyzed the fragment frequency distribu­
tion per cell at mitotic anaphase and believed it to follow a 
negative binomial distribution. However, he did not offer any 
explanation for this behavior. 
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MATERIALS AND METHODS 
Experiment I 
This preliminary experiment was done with four horticul­
tural varieties of Llllum - "Enchantment", "Midcentury", 
"Creelman" and "Regale". These were grown by the Iowa State 
University Department of Horticulture in small plots in the 
horticulture gardens at Ames. All varieties have a chromosome 
number of 2n = 24 and their botanical names and origin 
(DeGraaff, 1951; Woodcock and Stearn, 1949) are as follows: 
Enchantment and Midcentury are selections made from L. x 
hollandlcum Berg [L. bulblferum Linn, x L. x maculaturn Thun. 
(L. dauricum Ker-Gawler x L. concolor Salis)] x L. tlgrlnum 
Ker-Gawler; Creelman is L. x Imperlale Wilson (L. regale x 
L. Sargentlae Wilson); Regale is L. regale Wilson. 
Pilot studies were made to determine the size of the bud 
In all four varieties at diaklnesis. The data obtained indi­
cated that stage could be determined only approximately by 
measurement, since size varied slightly depending upon envi­
ronmental conditions and variety. Buds of the approximate 
size for diaklnesis were irradiated at 87 rads by exposure to 
a Co®0 gamma source at the Veterinary Medical Research Insti­
tute, Iowa State University (Figures 1 and 2). Exposure was 
for six minutes at a distance of 38 Inches from the center of 
the 1679 curie source. The buds were kept on moist filter 
Figure 1. Gamma source at Veterinary Medical Research 
Institute at Ames 
Figure 2. Cross-section of the gamma source 
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paper In petrl dishes for 8 to 9 hours. The sporocytes were 
then squeezed out of the anthers, fixed in Carnoy's fixative 
(alcohol-acetic acid, 3:1), the resulting cell suspension was 
hydrolyzed In N HCl for ten minutes at 60° C, stained with 
Feulgen, and squashed in 45$ aqueous acetic acid as described 
by Bower- (1955). Slides were made permanent by the liquid 
carbon dioxide freezing technique described by Bowen (1956). 
Material found to be In meiotic anaphase I was assumed to have 
been in late meiotic prophase (diaklnesis) at the time of 
irradiation. All other slides were discarded. Slides were 
coded and scored under oil immersion. Bridges and fragments 
in cells at first anaphase were recorded for each bud. 
Experiment II 
This more extensive experiment was done with four com­
mercial varieties of Llllum longlflorum Thunb., "Ace", 
"Croft", "Erabu", and "Estate". All except "Erabu" are popu­
larly grown In this country as Easter lilies. "Erabu" is a 
recent Japanese introduction. These bulbs were provided 
through the courtesy of Geo. J. Ball Inc., West Chicago, 111. 
They were grown In six-Inch pots In a cool greenhouse. 
Ag in Experiment I, length of the buds at both pachytene 
and diaklnesis, was determined by measurement and cytological 
examination of sporocytes. Anthers were then dissected out 
at pachytene and diaklnesis as determined by bud length. All 
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six anthers from a bud were placed in a small vial and were 
exposed to 19 rads of Co60 irradiation in the same manner as 
in Experiment I. Two anthers at random were then removed from 
the vial and floated on a sterilized culture medium consisting 
of one part coconut milk and eight parts of 2% sucrose solu­
tion in petri dishes at 60° C in the dark. The remaining four 
anthers were exposed, without delay, to another 19 rads of 
Co , thus getting a total dose of 38 rads. Two more anthers 
were removed at random and placed in another set of culture 
dishes. The last two anthers were exposed for a third time 
to 19 rads, thus receiving a total dose of 57 rads and were 
put in a third set of culture dishes. 
The anthers were fixed after eight to nine hours when 
irradiated at diaklnesis and after 70 to 72 hours when irra­
diated at pachytene. Slides with no cells at first meiotic 
anaphase were discarded. Fixation, staining, permanent slide 
preparation, and scoring was done as for Experiment I. 
The data, from both experiments, was analyzed for bridge 
and fragment frequencies assuming the following statistical 
model (in Experiment I only one irradiation dose was used so 
dose comparisons were not made and the model was modified 
accordingly): 
Model for individual variety analyses -
yJkl = H- + + Vk+(^ ^ jk + Gjl + fijkl 
where the £'s are Independent random variables with 
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Var( 6jk) = 2^, E( Cjk) = o 
Var( ^ jki) = = 0 
and where the terms ju., , )fk, ( ) ^k are 
systematic effects, j denoting stage, k denoting 
dose, and 1 denoting bud. 
Model for all-variety analysis -
xljk = ^ + 2fk + ( 0(0 )±J + ( ^  )lk 
t ( Ahjk + + ^1Jk 
where the A 1 s are independent random variables with 
Var( E( ) = 0 
Var( Ziijk) = T22> E( 4ijlJ = 0 
and the additional subscript 1 denotes variety. 
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EXPERIMENTAL RESULTS 
Experiment I 
The numbers of bridges and fragments observed after 87 
rads at dlaklnesis In varieties "Enchantment"Mldcentury 
"Creelman", and "Regale" are tabulated in Appendix Table 6 
and the data are summarized in Table 1. The + Intervals 
given in the body of the table are centered at wlthin-variety 
weighted averages, and the interval end-points are 95# confi­
dence limits based on the t-distribution. 
It will be noted that "Enchantment" and "Mldcentury" 
(Group l) appear to be several times more sensitive than 
"Creelman" and "Regale" (Group 2). There appears a marked 
difference in reaction to irradiation for the distribution 
of bridges per cell between these two groups. Group 1 vari­
eties show up to five bridges per cell as opposed to a. maxi­
mum of two bridges per cell in Group 2 at the same dose. The 
mean values of bridges per cell on a bud basis point up a 
third difference. Group 1 exhibits a very wide bud variation 
in this respect while the data for the several buds examined 
in Group 2 appear to be much more consistent. 
The expected frequency of bridges per cell can be com­
puted, assuming that the event of bridge formation Is a random 
one, according to the Poisson distribution of e~m • mr/r'., 
where m is the mean number of bridges per cell for the bud 
Table 1. Frequency distribution of bridges and fragments per cell in four 
varieties of L. longlflorum L. irradiated at 87 rads after 
dlakinesls irradiation 
Varieties Fragments 0 1 2 3 4 5 Mean 
Enchantment .1031 ± .0421 210 170 114 49 24 5 1 .1643 + 0 .4959 
Mldcentury .0802 + .4066 280 190 135 65 25 3 1 .1032 + 0 .4057 
Creelman .0455 + .0046 876 163 15 0 0 0 0 .1831 + 0 .0278 
Regale .0394 + .0275 317 33 5 0 0 0 0 .1211 + 0 .0339 
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and r is the number of bridges per cell. Such expected values 
have been included in Appendix Table 6 under the column head­
ing "Exa". Chi-square tests show no significant difference 
between observed and expected bridge frequencies for all four 
varieties. 
The homogenity chi-square test for the bridge frequency 
distribution per cell within the two groups (Appendix Table 
7) suggests similar frequency distributions for the varieties 
within each group. However, there Is strong evidence against 
the hypothesis that the frequency distributions are the same 
In the two groups in spite of the fact that both groups fit 
well to the Poisson distribution as shown in Appendix Table 6. 
No detailed analysis was made of fragment data due to 
their low frequency. However, fragment mean frequency per 
cell for each bud is tabulated in Appendix Table 6 and for 
each variety in Table 1. In general, fragment frequency 
parallels bridge frequency and appears to substantiate the 
observation that varieties In Group 1 are more sensitive than 
the varieties In Group 2. 
Experiment II 
The number of bridges and fragments observed after 19, 
38, and 57 rads at pachytene and dlaklnesis In varieties 
"Ace", "Croft", "Erabu", and "Estate" are tabulated in 
Appendix Table 8 through 11 and these data are summarized in 
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Table 2. The + Intervals given In the body of the table are 
centered at wlthln-varlety-stage-dose weighted averages, and 
the Interval end points are 95/& confidence limits based on 
the t-distribution. The corresponding graphs are shown in 
Figure 3. 
Table 2. Frequency distribution of bridges and fragments per 
cell in four varieties of L. longlflorum L. after 
pachytene and diaklnesis irradiation 
Bridges Fragments 
Varieties 19 rads 38 rads 57 rads 19 rads 38 rads 57 rads 
Pachytene 
Ace .0408 .1343 .1807 .0714 .1684 .2337 
Croft .0074 .0744 .1429 .0185 .1190 .1917 
Erabu .0036 .0878 .1297 .0197 .1317 .2017 
Estate .0049 .0837 .1440 .0146 .1116 .2222 
Mean .0164 .1008 .1518 .0354 .1388 .2140 
+.0371 +.0426 +.0349 +.0429 +.0400 +.0304 
Diaklnesis 
Ace .0813 .1465 .2549 .0161 .0253 .0302 
Croft .0712 .1729 .2787 .0162 .0280 .0418 
Erabu .0833 .2070 .2623 .0124 .0286 .0437 
Estate .0500 .1600 .2682 .0056 .0200 .0391 
Me an .0758 .1712 .2644 .0142 .0259 .0369 
+.0242 +.0413 + .0159 +.0078 + .0055 +.0090 
Out of 141 observations within a bud at one dose, some 
nine were not scored for various reasons. The mean values of 
bridges for each of these missing pairs of anthers was calcu­
lated by the method shown in Appendix B (Finney, 1952). 
Figure 3. Bridges and fragments per cell at three doses of 
irradiation at pachytene and diaklnesis in four 
varieties of L. longlflorum L. 
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BRIDGES AND FRAGMENTS PER CELL AT THREE DOSES 
OF IRRADIATION AT PACHYTENE AND DIAKINESIS IN 
FOUR VARIETIES OF L. LONGIFLORUM L. 
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It will be noted In Table 2 that all four varieties 
appear to be equally sensitive to Irradiation at pachytene 
and similarly at diaklnesis for bridges and fragments. 
Apparent higher sensitivity of "Ace" was found not to be sig­
nificant in the analysis of variance, as will be discussed 
later. 
Bridge and fragment frequencies for a given stage for 
each variety were found to be not significantly different 
from linear with respect to dose. Further these four lines 
were found not to deviate significantly from coincidence 
except for fragment data at diaklnesis, where such deviation 
was apparently due to insufficient data. The respective 
values of the estimated statistical parameters for eech vari­
ety and F values of each test are given In Table 3. 
In general it can be said that the irradiation at later 
prophase (diaklnesis) resulted in nearly double the number of 
bridges at anaphase I in all four varieties, a reverse trend 
is evident with respect to fragments, with significantly more 
after the earlier prophase (pachytene) irradiation. The great 
majority of bridges observed after diaklnesis irradiation 
were of the type called "two-side-arm" as described by Wilson 
et al. (1959) (Plate l) while none of this type wns observed 
in pachytene irradiated material (Plate 2). 
The analysis of variance for fragment data is given In 
Table 4. Significance tests were performed as follows. 
Plate 1. Bridges after diakinesis irradiation 
(a) one "two-side-arm" bridge with no fragment 
(b) two "two-side-arm" bridges with no fragment 
(c) four "two-side-arm" bridges with no fragment 
(d) four "two-side-arm" bridges with one fragment 
(Each scale division represents 10 microns) 
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Plate 2. Bridges after pachytene Irradiation 
(a and b) one bridge with one fragment 
(c and d) two bridges with two fragments 
(Each scale division represents 10 microns) 
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Table 3. Test of coincidence for bridges and fragments line 
for four varieties of L. longlflorum L. after 
pachytene and diaklnesis irradiation 
Varieties 
Bridées Fragments 
a b F(6,4) a b "(6,4) 
Pachytene 
Ace .1186 .0700 .1578 .0812 
Croft .0749 .0678 .1097 • 0866 
Erabu .0737 .0631 3.87 .1177 .0910 4.82 
Estate .0775 .0696 .1161 . 1038 
Mean .0862 .0676 .1254 .0906 
Diaklnesis 
Ace .1609 .0868 .0239 .0071 
Croft .1743 .1038 .0287 .0128 
Erabu .1842 .0895 1.21 .0282 .0157 49.50** 
Estate .1594 .1091 .0216 .0168 
Mean • 1697 .0973 .0256 .0131 
^Significant at 1% level. 
Variety and stage were tested (conservatively) against variety 
x stage. Dose, as well as its linear and quadratic compo­
nents, was tested against stage x dose x variety. An three 
second-order interactions were tested against stage x dose 
x variety. The third test (variety x stage) is approximate. 
The analysis shows no significant difference among vari­
eties but shows significant difference for stages of irradia­
tion. The dose effect was linear. All interactions were in­
significant. 
The corresponding analysis of variance for bridges in 
individual varieties are given in Appendix Table 12. Sig-
Table 4. Analysis of variance for fragments data in four varieties of 
L. longiflorum L. at three doses of Irradiation after pachytene 
and diaklnesis 
Sources of variation 
Degrees 
of 
freedom 
Mean square 
x 108 
Expected value 
of mean square F 
Variety 3 4063 )a + T22 + 3Tx2 1.09 
Stage 1 110976 Q(f) + lY + 3 7^2 29.74* 
Dose 2 261914 Q( X) + 55.87** 
Linearity 1 523018 Q(Linear X ) + f^ 111.57** 
Quadratic 1 810 QX Quadratic % ) + "Y^ .17 
Variety x stage 3 3732 + 3 7i% .80 
Variety x dose 6 13215 Q(<X X )  +  2.82 
Stage x dose 2 20225 4.31 
Stage x dose x variety 6 4688 r22 
aA quantity such as ) denotes a quadratic form in the systematic effects 
which is zero if and only if the c<_i are zero, and which is large if some or 
all of the are large. 
^Significant at b% level. 
*^Significant at 1% level. 
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nificance tests were performed as for fragment data. The 
analysis of variance indicates significant differences in 
stage and dose-linearity in all varieties. Significant 
stage x dose interaction was only observed in varieties 
"Croft" and "Erabu" due to hetrogeneity of buds at pachytene 
In these varieties. Bartlett test of homogeneity of variance 
in four varieties was made in Appendix Table 13. 
The all-variety analysis of variance for bridges is 
given In Table 5. The analysis of variance for bridges 
substantiates the fragment data that stages of irradiation 
and linear dose effect are significant and all Interactions 
are insignificant. 
Correlation of bridges and fragments was tested at all 
doses at each stage In Appendix Table 14. The chi-square 
test at pachytene showed that the number of fragments is 
at least equal to the number of bridges in a given cell and 
that excess fragments occur independently of bridges, while 
at diaklnesis the occurrence of all fragments is independent 
of bridges. 
Bridge frequency distribution per cell at pachytene is 
given in Appendix Table 15 and at diaklnesis in Appendix 
Table 16. The expected values of the Poisson distribution 
on the basis of their random occurrence was computed by the 
same formula used in Experiment I. These expected values are 
shown in Appendix Tables 15 and 16 in the columns headed 
Table 5. All variety analysis of variance for bridge data in four varieties of 
L. lone;lflorum L. at three doses of irradiation at pachytene and 
diaklnesis 
Sources of variation 
Degrees 
of 
freedom 
Mean square 
x 10® 
Expected value 
of mean square F 
Variety 3 63272 Q ( c < ) »  + + 3^2 0.64 
Stage 1 3757346 Q,(/g) + Y%2 + 3^2 38.12** 
Dose 2 5883408 s t a r )  +  TG2 160.57** 
Linearity 1 11754509 Q(Linear #) + T 320.80** 
Quadratic 1 12306 Q( Quadratic X )  +  0.34 
Variety x stage 3 98549 Q( « ) + TP2 + 3 Tx2 2.69 
Variety x dose 6 8662 Q( a X) + 0.24 
Stage x dose 2 108125 Q( 2.95 
Stage x dose x variety 6 36641 r2* 21.17 
aSee footnote to Table 4, page 28. 
**Signifleant at 1% level. 
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"Exa". The chi-square test indicates that the data do not 
fit the expected frequencies in any variety. 
Bridge frequency distribution per cell was compared for 
varieties at all doses of irradiation at pachytene and 
diaklnesis in Appendix Table 17. The chi-square test showed 
no difference among varieties except for the data obtained 
at 19 rads irradiation at pachytene. 
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DISCUSSION 
Varietal Differences in Reaction to Radiation 
On the basis of the results from Experiment I, it is 
reasonable to consider "Enchantment" and "Mldcentury" as vari­
eties which behave similarly in several respects and these 
then have been designated as Group 1 varieties. Similarly 
"Creelman" and "Regale" have apparently much in common and 
are designated Group 2, varieties. Group 1 varieties are con­
siderably more sensitive than those in Group 2. Group 2 vari­
eties exhibit much greater variation between buds with respect 
to mean bridge frequency as compared with Group 1. Finally 
Group 1 varieties show up to five bridges per cell as opposed 
to a maximum of two bridges per cell in Group 2 at the same 
dose• This cannot be entirely accounted for by the greater 
sensitivity of Group 1 varieties, since the bridge frequency 
distribution in Group 1 is significantly different from the 
distribution in Group 2 (Appendix Table 7). 
In the second experiment it was shown that four horti­
cultural varieties of L. longlflorum showed no significant 
differences with respect to sensitivity at three dose levels 
at two stages. These varieties exhibited substantially the 
same variation, and bridge distribution per cell was substan­
tially the same for each variety (Appendix Table 13). 
3? 
It has been pointed out by other workers (Sparrow, 1955) 
that species differences in number and size of chromosomes can 
generally be correlated with differences in the reaction to 
radiation. It is apparent that these factors do not apply in 
the case at hand, since the chromosomes of all lilies used 
are about the same length and all have the same chromosome 
number. 
A possible source of differential reaction might lie in 
structural abnormalities. The "Croft" variety of L. longl-
florum can be shown to be heterozygous for a translocation, 
while "Ace", "Estate" and "Erabu" have 12 pairs of normal 
homologues (Plate 3). Within the sensitivity of the tests 
used, no significant differences were noted between the radi­
ation reaction of "Croft" and the three "normal" verities. 
While this does not rule out the possibility that under some 
conditions such alterations may be a source of variation, no 
evidence of such an effect was found in this work. 
The fact that previous workers have shown that variations 
in radiation response can be due solely to genetic factors is 
more pertinent to our understanding of data presented here. 
It is of interest to look at the origin of the species tested 
in Experiment I. "Regale" is an ancient species of Lllium -
L. regale. It is propagated both by vegetative division and 
by seeds. Although the origin of the plants tested here is 
Plate 3. Diaklnesis in four varieties of L. longiflorum L. 
(a )  Cro f t  w i t h  1 0  biv a l e n t s  and.  o n e  
quadrivalent (arrow) 
(b) Ace with 12 bivalents 
( c )  Est a t e  w i t h  1 2  biv a l e n t s  
( d )  Era b u  w i t h  1 2  bi v a l e n t s  
(Each scale division represents 10 microns) 
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not known, it is probable that they represent a clone ; on the 
other hand, if they were propagated from seed, it is probable, 
because of current nursery practice, that they represent a 
highly inbred, relatively homozygous population. 
All plants of "Creelman" belong to a single clone, 
vegetatively propagated from a single selection from an F^ 
hybrid between L. regale and L. Sargentlae (a species closely 
allied to L. regale - Woodcock and Steam, 1949), and although 
undoubtedly more or less heterozygous, are genetically uni­
form. Thus Group 2 varieties are related to each other and 
each is highly uniform genetically. 
In contrast, both varieties in Group 1 arose from a 
complicated series of hybrid crosses involving a diploid 
form of L. tigrinum, L. bulblferumf L. daurlcum, and L. con-
color. Enchantment is a specific selection, clonally propa­
gated and should be highly uniform though relatively hetero­
zygous. "Mldcentury" on the other hand Is a mixture of seed­
lings from this same cross. Thus it should be as heterozygous 
as "Creelman" but much less uniform. 
It is then not surprising to find a difference in sensi­
tivity between the two groups. The related forms within each 
group must share certain physiological or biochemical features 
which account for their similarity in reaction to radiation. 
Similar reasoning can account for the differences between 
groups and similarities within groups of the distribution of 
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bridge frequency per cell. 
It is tempting to speculate that the hybrid nature of 
the forms in Group 1 may in some way contribute to the in­
creased sensitivity, greater variability and other differ­
ences in reaction between the two groups. The idea that 
heterozygosity or its related heterosis may possibly be at 
the root of these differences has its attractions since the 
parents of "Creelman" (L. regale x L. Sargentlae) show a close 
affinity and "Regale" is most certainly the most homozygous 
of all the varieties involved here. In the same connection 
it should be noted that "Creelman" is about 50$ more sensitive 
than "Regale". 
The greater variability of distribution of bridge fre­
quency per cell in Group 1 compared to Group 2 is difficult 
to understand since "Enchantment" which should be highly 
uniform genetically, showed this variation nearly as much as 
"Mldcentury" which is non-uniform. It may be that there is 
a physiological basis for this variation which is not present 
in Group 2 forms. 
The uniformity of the reaction to radiation of the sev­
eral varieties of L. longlflorum found in Experiment II indi­
cates that no gross genetic differences in this respect exist 
between these varieties, and supports the general observation 
made by most workers that closely related plants in general 
show the same radiation sensitivity. 
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Because of the fact that Experiment I and Experiment II 
were separate and conducted in the field and greenhouse, re­
spectively, It is probably not wise to make direct compari­
sons; however, It might be pointed out that when one extra­
polates the data from Experiment II to the dose level (87 
rads) used In Experiment I, one obtains an approximate mean 
bridge frequency per cell of 0.4 (Figure 3). This value is 
intermediate between the approximate values for Group 1 (l .io) 
and Group 2 (0.15). 
Radiation Reaction at Different Stages of Meiosls 
In Experiment II, a marked difference in radiation sensi­
tivity was observed In all varieties of L. lon^lflorum between 
effects after pachytene irradiation and after diaklnesis 
irradiation. Irradiation at each of three doses was found to 
cause more total damage at anaphase I at diaklnesis than at 
pachytene. The net increase In damage after diaklnesis 
Irradiation (compared with pachytene) consists of a large 
increase in bridges at anaphase I, only partly offset by a 
decrease in fragments. 
Sparrow &ÎL JELL* ( 1952b) observed that fragments are fewer 
at anaphase I after later prophase Irradiation. This finding 
was confirmed. However, the findings of Grouse (1954) and 
Mitra (1958), who demonstrated that the peak of total sensi­
tivity, based on both bridges and fragments at anaphase I is 
43 
at late prophase, are also confirmed. 
Another marked difference found between the effects of 
pachytene and diaklnesis irradiation was that each anaphase 
I bridge after pachytene irradiation was always associated 
with one fragment, while bridges observed at diaklnesis irra­
diation were not correlated with fragments (Appendix Table 
14). These observations statistically confirm the specula­
tions of Darlington and LaCour (1953), Grouse (1954) and 
Davidson (195?). 
The fragments observed after diaklnesis irradiation were 
found independent of bridges (Appendix Table 14). None of 
the interactions with variety for both bridge and fragment 
data was significant which indicates that the mechanisms of 
bridge and fragment formation are similar in all varieties. 
The stage main effect was significant. It may thus be con­
cluded that different conditions exist for bridge formation 
at pachytene and diaklnesis. The fragments at pachytene 
irradiation are produced by two different events - one event 
produces one fragment per bridge while the other produces 
only fragments. In pachytene irradiated material all frag­
ments in excess of one per observed bridge occur independently 
of bridges (Appendix Table 14). This independence is also 
shown for all fragments in diaklnesis irradiated material. 
The similar distribution frequencies per cell of the "excess" 
fragments after pachytene irradiation and all fragments after 
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diakinesls irradiation (Appendix Table 18) suggest that they 
are of similar origin. 
One explanation of the one fragment per bridge observa­
tion after pachytene irradiation follows the assumption that 
the pachytene chromosomes effectively consist of only two 
strands (chromatids) and that breakage at the same level in 
two non-sister chromatids followed by non-sister union occurs 
as illustrated in Figure 4 (lllOO). This will be followed by 
a bridge and fragment at anaphase I. A fragment only will be 
observed at anaphase I, with sister breakage and reunion as 
illustrated in (12100). This last esse should be followed by 
a bridge at anaphase II. 
If one assumes that breakage at the same level In two 
of the four chromatids is a random phenomenon, then it fol­
lows that there would be twice as many such events involving 
two non-sister chromatids as Involving two sister chromatids. 
Thus twice as many bridges with fragments as "excess" frag­
ments alone should be observed provided no crossing-over 
occurred between the site of the event and the centromere 
and provided no fragments arose from other events. With 
one or more cross-overs between the site and centromere, 
it can be shown that this ratio of two-thirds bridges with 
fragments to one-third "excess" fragments still holds true 
when one considers all possibilities. The hypothesis that 
in pachytene irradiated material there are one-half as 
Figure 4. Proposed origin of bridges and fragments 
materials Irradiated at pachytene 
Explanation of code: 
1st digit - stage of irradiation 
1 = pachytene 
2 = diaklnesis 
2nd digit - events 
1 = non-sister 
2 = sister 
3rd digit - type of event 
1 = union 
2 = exchange 
3 = restitution 
4th digit - type of first cross-over 
0 = no cross-over 
1 = a cross-over type 
2 - b cross-over type 
3 = c cross-over type 
4 s d cross-over type 
5 = all four cross-over types 
5th digit - type of second cross-over 
same numerical symbols as for 
first cross-over 
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ORIGIN OF BRIDGES AND FRAGMENTS IN MATERIALS 
IRRADIATED AT PACHYTENE 
NON-SISTER EVENT (P» 2/3) 
W O O  
IIOOO 
11200 
BRIDGE + FRAGMENT AT AI 
( P » 2 A )  
NO EFFECT (P-2/9) 
11300 
SISTER EVENT (P-l/3) 
12000 
NO EFFECT (P-2/9) 
12100 
FRAGMENT AT A I, 
— B R I D G E  A T  A H  
f| (P-1/5) 
12200 
—*-N0 EFFECT (P«l/S) 
12300 
—e-NO EFFECT (P-l/9) 
MOTE- THESE RATIOS ARE OBTAINED REGARDLESS OF X-OVER 
BETWEEN LOCUS AND CENTROMERE. 
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many "excess" fragments as "bridge-fragment" events at all 
doses, is shown by a chi-square test to be within the bounds 
of reasonable probability (Appendix Table 19). This hypoth­
esis should be tested further by attempting to correlate 
bridges at anaphase II with "excess" fragments at anaphase I 
in different anthers of the same bud. 
On the other hand all attempts to explain the lack of 
fragments accompanying the bridges seen after diakinesis 
irradiation as well as the origin of the "two-side-arm" bridge 
phenomenon depend upon the assumption that very late prophase 
chromosomes consist of four strands (half-chromatids). Half-
chromatid bridges without any related fragments can then be 
observed at anaphase I only if crossing-over between the event 
and the centromere has occurred as illustrated in Figure 5 
(21150, 21250). In this case, it is assumed (due to late 
prophase I repulsion and physical separation of the homologous 
strands except at chlasmata) that little or no union occurs 
between broken half-chromatids in non-sister chromatids. Be­
cause of coiling relationships and, perhaps, the presence of 
a matrix, it seems reasonable that bridges at anaphase I may 
result from two different types of rejoining after breakage 
at diakinesis. In the first type a physical continuity of 
one-half chromatid between separating centromeres (21150 in 
Figure 5) occurs. The second type has no physical half-
chromatid connection but a bridge forms because of the 
Figure 5. Proposed origin of bridges and fragments in materials 
irradiated at diakinesis 
Explanation of code: 
1st digit - stage of irradiation 
1 = pachytene 
2 - diakinesis 
2nd digit - events 
1 = non-sister 
2 = sister 
3rd digit - type of event 
1 = union 
2 = exchange 
3 = restitution 
4th digit - type of first cross-over 
0 = no cross-over 
1 = a cross-over type 
2 = b cross-over type 
3 = c cross-over type 
4 = d cross-over type 
5 - all four cross-over types 
5th digit - type of second cross-over 
same numerical symbols as for first cross-over 
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NO X-OVERS 
NON-SISTER HALF-
CHROMATID EVENTS 
(P« 2/3 ) 21100 
21000 
21300 
SISTER HALF-
CHROMATID EVENTS 
(P« 1/3) 
22000 
22100 
2-SIDE-ARM 
BRIDGE KT AX 
_ ( P» 2/9 ) . 
ONE X OVER 
2-SI05-ARM 
BRIDGE AT AI 
_ (P- 2/9) 
21150 
2-SIDE-ARM 
BRIDGE AT A I 
—• ( P» 2/») » 
21250 
* NO EFFECT 
(P-2/9) 
FRAGMENT AT AI 
BRDGE AT MSD, 
_ ( P- 1/9 ) 
NO EFFECT 
(P- 1/9) 
NO EFFECT 
(P - 1/9) 
** 2-SIDE-ARM 
BRIDGE AT AI 
—» (R» 2/9) 
TWO X-OVERS 
2 152 
21153 
21154 
2-SIDE-ARM 
BRIDGE AT A1 
(P-l/9) 
FRAGMENT AT AI 
BRIDGE AT MSD • 
(P-l/9) 
NO EFFECT 
CP* 4/9) 
2-SIDE- ARM 
BRIDGE AT AI 
(P- 1/9) 
f 2-SIDE-ARM BRIDGE AT All 
< SIMLAR TO 21151 AND 21152 (P-l/9) 
2-SIDE-ARM BRDGE AT AI 
SIMILAR TO 21153 AND 21154 
JP-l/9) 
FRAGMENT AT AI 
BRIDGE AT MSD (P- 1/9) 
NO EFFECT 
(P- 4/9) 
* SAME EFFECT REGARDLESS OF X-OVERS 
m ALL FOUR CLASSES OF X-OVER GIVE SAME NET RESULT 
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interlocking of coils between a pair of sister half-chromatids 
which will not normally separate until first microspore divi­
sion (21250). In both cases the bridge, unaccompanied by a 
fragment, would possess a pair of "side-arms". 
It is not presently practical to do much in the way of 
relating the number of fragments observed after diakinesis 
irradiation to a specific mechanism of formation as was done 
with the pachytene material. The reasons for this Include 
the variation of bridge-fragment ratio with variation in 
cross-over frequency, which does not hold true for pachytene 
material. If there are no cross-overs, there would be no 
bridges at anaphase I but fragments might be seen. With one 
cross-over, there should be one fragment to four bridges 
(Figure 5). Thus one might expect something more than one 
fragment per four bridges. The observed ratio of fragments 
to bridges in this material appears to be more In the range 
of six to eight (Table 2). A possible explanation for this 
might be that in many cases the break is held together by the 
"matrix". This is supported by the observation that anaphase 
II chromosomes after diakinesis irradiation frequently show 
discontinuities In their Feulgen positive content* which are 
strongly suggestive of "latent" damage, and would account 
*C. C. Bowen, Iowa State University of Science and Tech­
nology, Ames, Iowa. Information on irradiation damage to 
chromosomes. Private communication. 1960. 
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for the high frequency of fragments observed by Sparrow fit. 
al. (1952) at first microspore division after late prophase 
I Irradiation. Ae in pachytene, future studies comparing 
anaphase I damage to anaphase II damage would be of great 
value. 
Dose-Aberration Frequency Relationship 
The analysis of variance for bridge and fragment deta 
Irradiated at both pachytene and diakinesis in Experiment II 
indicates a linear dose effect. The dose response curves 
(Figure 3) suggest that a threshold exists in the vicinity 
of 5 to 10 rads, below which there is little or no response. 
This appears to be true for both pachytene and diakinesis 
irradiations and for both bridges and fragments. Such a 
threshold strongly suggests that each aberration is the result 
of two hits. The resulting curve will be of the "squared 
exponential" type (Appendix C). 
A "squared exponential" curve will appear linear for a 
certain dosage range and asymptotic at the lowest doses. 
The linearity may be particularly evident with low chromosome 
species, e.g. Tradescantla bracteata (2n = 12), on which much 
of the previous work has been done. The asymptotic region 
may be especially long for species with relatively higher 
chromosome numbers, thus leading to a pronounced threshold 
effect. 
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Distribution of Aberrations among Cells 
Bridge frequency distribution per cell in Experiment I 
was found to fit the expected Poisson distribution (Exa in 
Appendix Table 6). The same was not found true in Experiment 
II (Exa in Appendix Tables 15 and 16). The chi-square test 
showed that the fit is not improved by adjusting to linearity 
(Exb in Appendix Tables 15 and 16). Wolff (1959) reported a 
similar bad fit to the expected Poisson distribution for 
Interchromosomal aberrations in Tradescantla microspores, 
Vicia faba and barley seeds. He explained the bad fit by 
the assumption that there are only a limited number of 
vulnerable sites (2 or 3) within the nucleus where two broken 
chromosomes are close enough to rejoin. This explanation 
does not seem to be appropriate either in his own case or 
here, because limiting the vulnerable loci cannot cause a 
deviation from the Poisson distribution. A demonstration of 
this is given in Appendix C. 
One source of deviation from a Poisson distribution 
could be the failure to detect some of the damaged cells and 
their consequent non-inclusion in the data. With this as a 
hypothesis the "maximum likelihood" method was used to deter­
mine if omission of data could explain the poor fit. The 
values obtained for the statistical parameter "p" were 
strikingly close to two-thirds for both pachytene and 
diakinesis irradiated data. The expected values of the 
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Poisson distribution assuming p = 2/3 are tabulated, under 
column "Ex0" in Appendix Tables 15 and 16. The chi-square 
test showed a very good fit for all data. Similar results 
were obtained in Experiment I for Group 2 varieties (Ex0 in 
Appendix Table 6) on this assumption. This method was not 
applied to Group 1 varieties due to very high variance. 
There are three possibilities that might explain this 
deviation from randomness : 
1) Only one-third of the damaged cells are scored as 
"damaged11, the other two-thirds being scored as "normal". 
This is not reasonable as these damaged but "normal" cells 
would include those which have several bridges or fragments. 
How could these be over-looked? Further, if data ere read­
justed by moving cells from the "zero" class to higher classes 
only a fair fit to a Poisson distribution is obtained. 
2) As was shown in Figure 4, two chromatids broken at 
the same locus In pachytene may rejoin in three possible 
ways. The same is true in Figure 5 for half-chromatids re­
joining at diakinesis. If rejoining is a random phenomenon, 
these should occur with equal frequency. In pachytene only 
one of the three ways of rejoining results in a bridge and 
a fragment or a fragment, thus two-thirds of the damage will 
not be detectable and only one-third of the damage will be 
scored. This ratio will prevail regardless of the number of 
cross-overs between damaged loci and centromeres. Similarly 
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from Figure 5 it will be seen that the ratio of "bridge and 
fragment11 bivalents to "restituted" and "exchanged" bivalents 
will approximate 1:2 assuming a reasonable frequency of 
crossing-over between the locus of the event and the centro­
mere. Thus at this stage around two-thirds of the damage 
will not be scored. The objection to this hypothesis, as 
an explanation for the lack of fit to Poisson, is that 
"restituted" and "exchanged" bivalents will be randomly dis­
tributed throughout the population of both "normal" cells and 
cells that contain visible damage and thus the visible damage 
will still follow a Poisson distribution but with a reduced 
mean value of damage per cell. This objection might be re­
moved If we further assume that cells containing no bridges 
or fragments, but with bivalents which have been subjected 
to breakage and a subsequent exchange or restitution type of 
rejoining, are slowed down In their development and are not 
observed along with normal cells. However, this does not 
seem reasonable as the "bridge or fragment cells" should be 
similarly slowed down. Further, a large percentage of vis­
ibly damaged cells would also contain "restituted" and "ex­
changed" damage. 
3) A better fit to a Poisson distribution is obtained 
by Increasing the damage in each class by three times or by 
reducing the "zero" class by two-thirds. This suggests that 
we may not be scoring two-thirds of the damaged cells in each 
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class in any way. Abortion or slowing down of two-thirds of 
the cells with bridges or fragments could account for this. 
Cytologlcal examination of anaphase I gives no obvious evi­
dence of abortion or abnormality of this kind ; however, this 
must remain as the most reasonable explanation despite the 
fact that It is difficult to visualize a mechanism in a clonal 
cell population that could cause precisely two-thirds of the 
radiation damaged cells to abort or slow down. 
The fact that damage observed in Group 2 varieties in 
Experiment I fits both types of Poisson distributions, sug­
gests that the data are not large and widespread enough to 
distinguish between the two distributions. 
Recognizing that one fragment per bridge is the result 
of one event at pachytene irradiation (Appendix Table 14), an 
effort was made to evaluate the total damage In Appendix 
Table P.O. A "unit of damage" at pachytene Is defined as the 
occurrence of a bridge and a fragment, and each "excess" frag­
ment is counted as a separate unit of damage since only 
"excess" fragments were independent of bridges. At diakinesis 
one unit includes either a bridge or a fragment since these 
were shown to be independent. 
Pooled data of all varieties of Lilium longiflorum. 
studied in this research, on the basis of "units of damage" 
does not fit to the normal Poisson distribution (Ex8 in 
Appendix Table 20). However, the observed damage fits well 
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to the Poisson distribution on the assumption that two-thirds 
of the damaged cells escape observation. Thus, It can be 
concluded that bridges and fragments at diakinesis and 
"bridge-fragments" and "excess" fragments at pachytene are 
formed by the similar mechanisms. 
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SUMMARY AND CONCLUSIONS 
Sporocytes of eight different forms of Lillum. including 
four horticultural varieties of L. longlflorum L., at known 
stages of meiotlc prophase were subjected to gamma irradia­
tion in two different experiments. Cytological aberrations 
were scored at anaphase I, and were analyzed in a study of 
the interaction of stage, genetic, and dose variation upon 
radiation damage. The following conclusions have been drawn: 
1) Variations In sensitivity between the several vari­
eties and species irradiated indicated that closely related 
forms had similar sensitivities and that more distant rela­
tionships were accompanied by differences in net reaction. 
Hybrids between distant species tended to be more sensitive 
and showed greater variation than the relatively homozygous 
and highly inbred pure species. No striking differences in 
distribution of damage among cells was noted for any variety, 
which suggests that aberrations are produced by mechanisms 
common to all varieties. 
2) Material irradiated at late meiotlc prophase (diakin­
esis) showed greater net damage than earlier irradiated mate­
rial (pachytene). 
3) In material Irradiated at pachytene a bridge at ana­
phase I was always associated with one fragment, and excess 
fragments were Independent of bridge3. In diakinesis irra­
diated material, bridges at anaphase I were of the "two-side-
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arm" type, qualitatively different from the pachytene bridges, 
and were independent of fragments within cells. A hypo­
thetical mechanism involving breakage and rejoining of 
chromatids at pachytene and of half-chromatids at diakinesis 
is proposed to account for the observed damage, taking into 
account the effect of possible non-sister cross-overs between 
the locus of the damage and the centromere. Some evidence 
for the existence of this mechanism is demonstrated. 
4) The frequency of both bridges and fragments bears a 
linear relationship to dose in the range of 19 to 57 rads in 
both pachytene and diakinesis Irradiated materials in all 
varieties. Graphs of these curves strongly suggest a 
threshold effect at doses below 19 rads. It is proposed that 
each unit of observed damage is the result of two independent 
radiological events or "hits". The hypothesis Is then advanc­
ed that the dose-damage relationship follows a curve of the 
"squared exponential" type with its asymptotic portion 
accounting for the apparent threshold, and observed linearity 
is due to the fact that doses used fall Into the essentially 
linear portion of such a curve. 
5) On the assumption of randomness of aberrations under 
study, their frequency distribution per cell should fit a 
Poisson distribution. In general, this was not observed. 
However, the data will fit perfectly if the assumption is 
made that only one-third of the damaged cells are observed. 
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No satisfactory cytological explanation can be proposed for 
this striking observation except that for some reason two-
thirds of the damaged cells may abort or slow down and never 
reach anaphase I. 
6) The lack of fit of radiation-induced inter-chromosomal 
aberrations to a Poisson distribution has been explained by 
other workers as being due to the existence of only a limited 
number of "sites" where such exchanges are possible. It is 
shown that, even if such a limitation of vulnerability was 
applicable to these experiments, the damage should still fol­
low a Poisson distribution. 
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APPENDIX A 
V 
Table 6. Frequency distribution of bridges and fragments per cell In four 
varieties of Llllum after 87 rads at diakinesis irradiation 
Fragments 
Bud per cell 0 
Bridges per cell 
2 5 Mean(ro) 2 
Enchantment 
1 .0870 Ob. 51 32 25 4 3 0 0.9217 
Exa 45.75 45.17 19.43 5.97 1.38 0.17 0.9217 
2 . 1842 Ob. 14 10 23 17 8 4 2.1184 
Exa 9.14 19.36 20.50 14.48 7.67 2.93 2.1184 
3 .0943 Ob. 34 39 22 8 3 0 1.1226 
Exa 34.49 38.73 21.74 8.13 2.28 0.51 1.12.26 
4 .0887 Ob. 48 41 22 9 3 1 1.0403 
Ex® 43.81 45. 58 23.71 8.22 2.14 0.36 1.0403 
5 .1042 Ob. 38 28 15 9 6 0 1.1354 
Exa 30.84 35.02 19.88 7.52 2.14 0.32 1.1354 
6 .0727 Ob. 25 20 7 2 1 0 0.8000 
Exa 24.71 19.77 7.91 2.11 0.41 0.00 0.8000 
7.15 
8.26 
0.75 
2.54 
9.65 
0.97 
^Expected values of Poisson distribution. 
Table 6. (Continued) 
Fragments Bridges per sell 
bud per cell 0 1 2 3 4 5 Meant m) ^ 
Mldcenturv 
1 
2 
.0409 
.1049 
Ob. 
Exa 
Ob. 
Ex® 
208 
200.53 
72 
85.49 
46 
58.16 
144 
137.90 
13 
8.43 
122 
111.22 
g 
0.82 
63 
59.80 
0 
0.06 
25 
24.12 
0 
0.00 
3 
5.19 
0.2900 
0.2900 
1.6131 
1.6131 
6.72 
4.65 
Creelman 
1 .0476 Ob. 17 4 0 0 0 0 .1905 
Exa 17.36 3.31 0.31 0.02 0.00 0.00 .1905 0.46 
Ex° 17.95 2.26 0.65 0.1? 0.02 0.00 .5714 2.07 
2 .0541 Ob. 30 7 0 0 0 0 .1892 
Exa 30.62 5.79 0.55 0.03 0.00 0.00 .1892 0.81 
Exc 31.66 3.97 1.13 0.21 0.03 0.00 .5676 3.53 
3 .0476 Ob. 54 9 0 0 0 0 .1429 
Exa 54.61 7.80 0.56 0.03 0.00 0.00 .1429 0.75 
Exc 55.69 5.86 1.26 0.18 0.08 0.00 .4286 2.99 
4 .0410 Ob. 106 15 1 0 0 0 .1393 
Exa 106.14 14.78 1.03 0.05 0.00 0.00 .1393 0.01 
Exc 108.11 11.19 2.34 0.33 0.03 0.00 .4180 2.11 
°Expected Poisson distribution, assuming one-third events are observed. 
Table 6. (Continued) 
Bridges per cell 
Bud per cell 0 1 2 3 4 5 Mean(m) 
5 .0526 Ob. 16 3 0 0 0 0 .1579 
Exa 16.22 2.56 0.20 0.01 0.00 0.00 .1579 
Exc 16.61 1.87 0.44 0.07 0.01 0.00 .4737 
6 .0455 Ob. 653 125 14 0 0 0 .1932 
Exa 652.86 126.13 12.96 0.83 0.04 0.00 .1932 
Ex0 675.89 147.89 24.83 4.80 0.69 0.08 .5795 
Regale 
1 .0373 Ob. 238 26 4 0 0 0 .1269 
Exa 236.06 29.96 1.90 0.08 0.00 0.00 .1269 
Ex0 239.72 23.24 4.42 0. 56 0.05 0.00 .3806 
2 .0429 Ob. 64 5 1 0 0 0 .1000 
Exa 63.34 6.33 0.32 0.01 0.00 0.00 .1000 
Ex° 63.96 5.19 0.78 0.08 0.01 0.00 .3000 
3 .0588 Ob. 15 2 0 0 0 0 .1176 
Exa 15.11 1.78 0.10 0.00 0.00 0.00 .1176 
Exc 15.31 1.41 0.24 0.03 0.00 0.00 .3529 
X 
2 
0.28 
1.14 
0.09 
9.04 
2.84 
0.38 
1.73 
0.07 
0.13 
0.49 
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Table 7. Homogenity chl-square test for four varieties of 
Ljllum after 87 rads at diakinesis irradiation 
Bridges 
Varieties 0 1 2 3 4 5 
Enchantment Ob. 
Ex.a 
210 
220.69 
170 
162.14 
114 
112.15 
49 
-51.34 
24 
22.07 
5 
3.60 
Mldcentury Ob. 
Ex. 
280 
269.31 
190 
197.86 
135 
136.85 
65 
62.55 
25 
26.93 
3 
4.40 
Group 1 Ob. 
Ex. 
490 
797.84 
360 
263.58 
249 
127.52 
114 
54.04 
49 
23.23 
8 
3.79 
Creelman Ob. 
Ex. 
876 
892.42 
163 
146.62 
15 
14.96 
Regale Ob. 
Ex. 
317 
300.58 
33 
49.38 
5 
5.04 
Group 2 Ob. 
Ex. 
1193 
885.16 
196 
292.42 
20 
141.48 
0 
59.96 
0 
25.77 
0 
4.21 
2 
% within groups: Group 1 - = 
Group 2 
- _X2(2) ' S.4S* 
(5) for groups = 702.67** 
aEx. - expected value of Poisson distribution. 
Significant at 5% level. 
**Signifleant at \% level. 
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Table 8. Distribution of bridges and fragments at pachytene 
and diakinesis at three doses of irradiation in 
variety Ace 
Bud 
Length Date of Bridges/cell 
No. (mm.) irradiation 0 12 3 4 Mean Fragments 
Pachytene 
19 rads 
1 20.5 3/31 13 1 - - . 0714 2 
2 18.5 3/31 34 2 — — .0556 * 5 
3 19.5 4/2 Missing ( .0405) 
4 19.0 4/2 38 2 - - .0500 3 
5 18.5 4/2 95 5 - - .0500 7 
6 19.5 4/2 85 3 - - .0341 7 
7 18.0 4/2 84 3 - - — .0345 5 
8 19.5 4/6 121 4 - - .0320 6 
T 153.0 470 20 - - — .3681 35 
X 19.13 
.04 08 .0714 
±0.66 +.0111 
38 rads 
1 20.5 3/31 48 7 1- . 1607 10 
2 18.5 3/31 35 7 - - .1667 8 
3 19.5 4/2 62 4 2- .1176 10 
4 19.0 4/2 37 5 1- .1628 11 
5 18.5 4/2 45 7 1- .1698 12 
6 19.5 4/2 84 6 2- .1087 13 
7 18.0 4/2 47 6 - - .1132 7 
8 19.5 4/6 83 7 2- .1196 13 
T 153.0 441 49 9 - - 1.1191 84 
X 19.13 
.1343 .1684 
±0.66 ±.0226 
^Estimated value. 
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Table 8. (Continued) 
Bud 
Length Date of Bridges/cell 
No. (ram.) Irradiation 0 1 2 3 4 Mean Fragments 
Pachytene 
57 rads 
1 20.5 3/31 24 4 1 .2069 7 
2 18.5 3/31 45 7 2 — .2037 13 
3 19.5 4/2 17 2 1 - .2000 5 
4 19.0 4/2 49 7 2 — . 1897 13 
5 18.5 4/2 109 11 2 1 • .1463 24 
6 19.5 4/2 24 3 1 — .1786 6 
7 18.0 4/2 42 4 2 — • 1667 10 
8 19.5 4/6 45 8 2 - .2182 19 
T 153.0 355 46 13 1 -  1.5101 97 
X 19.13 
.1807 .2337 
±0.66 ±.0198 
Diakinesis 
19 rads 
1 22.0 4/9 113 6 - . 0504 1 
2 22.0 4/9 158 7 2 1 - . 0833 2 
3 23.0 4/16 117 5 2 — .0726 2 
4 21.0 4/20 52 5 - — .0877 3 
5 22.5 4/20 93 9 - — .0882 1 
6 22.0 4/22 24 2 - — .0769 0 
7 20.0 4/22 91 6 - — .0561 2 
8 20.0 4/22 105 10 ? - .1197 2 
T 172.5 753 50 6 1 - . 6349 13 
X 21.56 
.0802 .0161 
±0.93 ±.0179 
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Table 8. (Continued) 
Bjiâ 
Length Date of Bridges/cell 
No. (mm.) irradiation 0 19 3 4 Mean Fragments 
Diakinesis 
38 rads 
1 22.0 4/9 179 11 3 1 — .1031 4 
2 22.0 4/9 98 10 3 - — .1441 3 
3 23.0 4/16 Missing ( .1996) 
4 21.0 4/20 Missing (.2250) 
5 22.5 4/20 29 3 1 - — .1515 2 
6 22.0 4/22 32 5 1 - — .1842 1 
7 20.0 4/22 109 18 4 - — .1985 3 
8 20.0 4/22 40 5 1 - - .1522 1 
T 172.5 487 52 13 1 1.3582 14 
X 21.56 
.1465 .0253 
+0.93 +.0327 
57 rads 
1 22.0 4/9 39 6 1 - .1739 2 
2 22.0 4/9 118 14 5 2 1 .2429 4 
3 23.0 4/16 65 13 4 2 — .3214 2 
4 21.0 4/20 11 1 2 - — .3571 1 
5 22.5 4/20 17 2 1 - — .2000 1 
6 22.0 4/22 35 5 3 - — .2558 1 
7 20.0 4/22 24 5 1 - — .2333 1 
8 20.0 4/22 68 14 4 - - .2558 2 
T 172.5 377 60 21 4 1 2.0402 14 
X 21.56 
.2549 .0302 
+0.93 +.0500 
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Table 9. Distribution of bridges and fragments at pachytene 
and diakinesis at three doses of irradiation In 
variety Croft 
illâ 
Length Date of Bridges/cell 
No. (mm.) irradiation 0 12 3 4 Mean Fragments 
Pachytene 
4/2 
19 rads 
1 20.0 45 - — — .0000 0 
2 19.0 4/2 19 — <•_ — .0000 0 
3 17.5 4/2 7 - — — .0000 0 
4 20.0 4/2 18 - — — .0000 — 
5 20.0 4/3 35 1 — — .0278 1 
6 19.0 4/2 81 1 • — . 0122 3 
7 19.0 4/6 63 - — — .0000 1 
T 134.5 268 ? «• .0400 5 
X 19.21 
.0074 .0185 
±0.84 ±.0098 
4/2 
38 rads 
1 20.0 28 2 — — .0667 4 
2 19.0 4/2 38 4 — — .0952 6 
3 17.5 4/2 8 1 — — .1111 1 
4 20.0 4/2 22 2 — — .0833 3 
5 20.0 4/3 96 4 1 - .0594 12 
6 19.0 4/3 39 3 — — .0714 5 
7 19.0 4/6 81 7 — — .0795 9 
T 134.5 312 23 1 - . 5666 40 
X 19.21 
.0744 .1190 
±0.84 ±.0164 
57 rads 
1 20.0 4/2 35 4 1 - .1500 8 
2 19.0 4/2 84 8 2 1 .1579 18 
3 17.5 4/2 16 3 «— — . 1579 4 
4 20.0 4/2 33 4 M — . 1081 6 
5 20.0 4/3 22 2 1 - . 1600 6 
6 19.0 4/3 45 4 — — .1200 „ 7 
7 19.0 4/6 Missing (.1381)9 
T 134.5 235 25 5 1 .9920 51 
X 19.21 
.1429 • 1917 
±0.84 ±.0190 
^Estimated value. 
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Table 9. (Continued) 
Bud 
Length Date of Bridges/cell 
No. (mm.) Irradiation 0 12 3 4 Mean Fragments 
Diakinesis 
3/24 
19 rads 
1 24.0 24 2 — — - .0769 0 
2 23.0 4/2 86 5 1 - — .0761 0 
3 24.0 4/2 23 2 — —- — .0800 0 
4 24.0 4/2 Missing (.1170)3 
5 23.5 4/3 51 2 1 - - .0741 1 
6 22.5 4/6 63 3 1 - — .0746 1 
7 20.0 4/22 43 1 — — - .0444 1 
T 161.0 290 16 3 - — . 5431 5 
X 23.00 
.0712 .0162 
±1.33 +.0194 
3/24 
38 rads 
1 24.0 60 7 2 - - .1594 1 
2 23.0 4/2 59 7 ? 1 — .2000 4 
3 24.0 4/2 53 12 P - - .2388 2 
4 24.0 4/2 26 4 1 - — .1935 1 
5 23.5 4/3 42 5 1 - — .1458 1 
6 22.5 4/6 74 7 3 - — .1548 2 
7 20.0 4/22 54 3 2 - - .1186 1 
T 161.0 369 45 13 1 — 1.2109 12 
X 23.00 
.1729 .0280 
±1.33 +.0371 
57 rads 
1 24.0 3/24 21 4 1 - — . 2308 1 
2 23.0 4/2 66 8 4 2 1 .3210 5 
3 24.0 4/2 19 5 1 - — .2800 1 
4 24.0 4/2 16 3 2 - — .3333 1 
5 23.5 4/3 Missing (.2618) 
6 22-5 4/6 57 7 5 - — .2464 2 
7 20.0 4/22 52 9 4 - - .2615 2 
T 161.0 231 36 : 17 2 1 1.9348 12 
X 23.00 
.2787 .0418 
±1.33 + .0351 
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Table 10. Distribution of bridges and fragments at pachytene 
and diakinesis at three doses of Irradiation in 
variety Ersbu 
luâ 
Length Date of Bridges/cell 
No. (mm.) Irradiation 0 1 2 3 4 Mean Fragments 
Pachytene 
4/2 
19 rads 
1 19.5 35 0 — — .0000 1 
2 19.5 4/3 53 0 - - .0000 1 
3 18.5 4/6 178 1 - - .0056 5 
4 19.8 4/9 87 0 - - .0000 1 
5 18.5 4/9 85 1 - - .0116 2 
6 19.0 4/30 119 0 - - .0000 1 
T 114.8 557 2 - - .0172 11 
X 19.13 
.0036 .0197 
+0.58 +.0045 
38 rads 
1 19.5 4/2 35 3 - - .0789 4 
2 19.5 4/3 27 2 — — .0690 3 
3 18.5 4/6 Missing (.0867)8 
4 19.8 4/9 94 8 1- .0971 16 
5 18.5 4/9 47 4 - - .0784 6 
6 19.0 4/30 90 7 1- .0918 13 
T 114.8 293 24 2 - . 5019 42 
X 19.13 
.0878 .1317 
+0.58 +.0106 
4/2 
5? red 8 
1 19.5 47 6 - - .1132 15 
2 19.5 4/3 41 5 1- .1489 11 
3 18.5 4/6 108 10 3 - . 1322 22 
4 19.8 4/9 45 5 1- .1373 10 
5 18.5 4/9 29 2 1 - .1250 5 
6 19.0 4/30 38 5 — — .1160 9 
T 114.8 308 33 6 - .7726 70 
X 19.13 
.1297 .2017 
+0.58 + .0141 
^Estimated value. 
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Table 10. (Continued) 
Bud 
Length Date of Bridges/cell 
No. (ram.) irradiation 0 12 3 4 Mean Fragments 
Diakinesis 
19 rads 
1 23.0 4/3 23 2 — .0800 0 
2 22.0 4/6 99 5 1 1 .0943 1 
3 20.0 4/22 22 1 — — — .0435 0 
4 19.0 4/22 50 5 — - — .0909 1 
5 21.0 5/4 51 3 1 — — .0909 1 
6 22.0 4/30 56 4 - - - .0667 1 
T 127.0 301 20 2 1 — .4663 4 
X 21.17 
. 0833 .01235 
+ 1.54 +.0206 
38 rads 
1 23.0 4/3 43 6 2 - — .1961 2 
2 22.0 4/6 102 11 3 - 1 .1795 3 
3 20.0 4/22 37 , 7 2 — — .2391 1 
4 19.0 4/22 44 10 1 - — .2182 2 
5 21.0 5/4 25 3 1 — — .1724 0 
6 22.0 4/30 131 .12 8 1 - .2039 5 
T 127.0 382 53 17 1 1 1.2092 13 
X 21.17 
.2070 .02863 
+ 1.54 +.0258 
4/3 
57 rads 
1 23.0 36 9 2 — — .2766 3 
2 22.0 4/6 15 2 1 1 — .3684 1 
3 20.0 4/22 16 4 1 - — .2857 1 
4 19.0 4/22 Missing ( .3020) 
5 21.0 5/4 60 9 3 — — .2083 2 
6 22.0 4/30 19 3 2 - - .2917 1 
T 127.0 146 27 9 1 1.7327 8 
X 21.17 
.2623 .04372 
+1.54 + .0538 
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Table 11. Distribution of bridges and fragments at 
pachytene and diakinesis at three doses of 
irradiation in variety Estate 
Bud 
Length Date of Bridges/cell 
No. (mm. ) irradiation 0 12-34 Mean Fragments 
Pachytene 
lâ-CSââ 
1 17.5 4/2 34 0 - - .0000 0 
2 17.0 4/9 45 0 - - .0000 1 
3 19.0 4/9 125 1 — — .0079 2 
T 53.5 204 1 - - .0079 3 
X 17.83 
.0049 .0146 
+2.59 +.0114 
4/2 
39 rads 
1 17.5 48 3 1 - .0962 6 
2 17.0 4/9 63 5 — — .0735 6 
3 19.0 4/9 89 4 2- .0842 
T 53.5 .2539 24 
X 17.83 
.0837 .1116 
+ 2.59 i.0282 
4/2 
Ç? me 
1 17.5 71 5 3- - .1392 _ 17 
2 17.0 4/9 Missing (.1324)® 
3 19.0 4/9 144 16 4 - .1463 37 
T 53.5 .4179 54 
X 17.83 
.1440 .2222 
+2.59 +.0172 
^Estimated value. 
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Table 11. (Continued) 
BUd 
Length Date of Bridges/cell 
No. (mm.) irradiation 0 1 2 3 4 Mean Fragments 
Diakinesis 
19 rads 
1 22.0 4/20 42 3 - • 0667 0 
2 22-0 4/22 50 3 - — .0566 1 
3 20.0 4/22 79 3 - - .0366 0 
T 64.0 171 9 - .1599 1 
X 21.33 
.0500 .00556 
±0.67 ±.0120 
38 rads 
1 22.0 4/20 45 7 2 — .2037 1 
2 22-0 4/22 115 8 4 - .1260 3 
3 20.0 4/22 104 10 4 1 - .1765 2 
T 64.0 264 25 10 1 - . 5062 6 
X 21.33 
.1600 .02000 
±0.67 ±.0979 
57 rads 
1 22.0 4/20 46 7 3 — . 2321 2 
2 22.0 4/22 40 8 3 — .2745 2 
3 20.0 4/22 58 8 5 1 - .2917 3 
T 64.0 144 23 11 1 - . 7983 7 
X 21.33 
.2682 .03911 
±0.67 ±.0761 
Table 12. Analysis of variance for bridges per cell in four varieties of L. 
longlflorum L. at three doses of irradiation at pachytene and 
diakinesis 
Sources of 
variation 
Expected value 
of mean squares 
Mean square 
D.f. x 108 D.f. 
Mean square 
x 10"8 
Ace Croft 
Stage Q(/^)a + C 2  + k G 2  1 2236033** 1 10402229** 
Dos# Q( X )  +  a ~ 2  2 10222527** 2 9810013** 
Linearity Q(Linear X ) + 2^^  1 202,77304** 1 19617606** 
Quadratic QX Quadratic X ) + 2^^  1 167751 1 2.421 
Stage x dose Q( /6V ) + cr 2  2 161225 2 359971** 
Buds/stages cr 2  + k CT 2  14 207981 12. 31468 
Buds x dose;stages 2^^  28 72329 24 43206 
aSee footnote to Table 4. 
^Significant at \% level. 
Table 12. (Continued) 
Sources of 
variation 
Expected value 
of mean squares D.f. 
Mean square 
x 10° D.f. 
Mean square 
x 10» 
Erabu Estate 
Stage + k cr±2 1 12681908** 1 3420857** 
Dose Q( <%') + (TGG 2 8674608** 2 4605525** 
Linearity Q( Linear X) + ^E2 1 17031980** 1 9159521** 
Quadratic Q( Quadratic X ) + o-g2 1 260882 1 51529 
Stage x dose Q( pX ) + <t22 2 544878** 2 218434 
Buds/stages O-g2 + kcfj2 10 60281 4 17436 
Buds x dose/stages V 20 70474 8 64488 
Table 13. Bartlett test of homogeneity of variance for four varieties of 
L. longlflorum L. 
Varieties 
Sum of 
squares 
( 2)xio8 
D.f. 
(n-l) 
Reciprocal 
(n-V 
Mean square 
(s2)xio8 log s2 (n-l) log i 
Ace 2025228 28 .035714 72329 -3.14069 -87.93932 
Croft 1036962 24 .041666 43206 —3.36446 -80.74704 
Erabu 1409482 20 .050000 70474 -3.15197 -63.03940 
Estate 515908 _8 .125000 64488 -3.19059 -25.52416 
Total 4987580 80 .25238 -257.24992 
a = 4 
a2 = .00062344 
(log s2) (n-l) = -256.41600 
Uncorrected j£2 = 2.3026 log s2 53(n-l) - 53(n-l) log s2 = 1.92 
Correct factor = 1 * ( 23 ^  = 0.2? 
Corrected _XS(3) = = 7.20 
Table 14. Teat of independence for fragments in the combined data of all 
varieties at three doses of irradiation at pachytene and diakinesis 
Fragments 19 rads 38 rads 57 rads 
Bridges 012 012 012 
Ho: number of fragments are independent of number of bridges 
Pachytene 
0 Ob. 1476 18 5 1193 22 10 1086 26 22 
Ex® 1451.79 42.29 4.92 1087.37 111. 20 26. 43 954.67 130. 10 49.23 
1 Ob. 0 25 0 0 100 6 0 122 3 
Exa 24.21 0.71 0.08 94.09 9. 62 2. 29 105.23 14. 34 5.42 
2 Ob. 0 0 13 0 0 31 
Exa 
XP'(3) ' 
11.54 1. 18 o. 28 26.09 3. 56 1.35 
1227.81** 
Diakinesis 
0 Ob. 1500 14 1 1467 29 6 870 24 5 
Exa 1499.10 14.96 0.94 1468.24 26. 84 6. 93 869.82 25. 13 4.05 
1 Ob. 91 2 0 172 2 2 142 3 0 
Exa 92.02 0.92 0.06 172.04 3. 14 0. 81 140.29 4. 05 0.65 
2 Ob. 10 0 0 52 0 0 53 2 0 
Exa 9.90 0.09 0.01 50.83 0. 93 0. 24 53.21 1. 54 0.25 
3 Ob. 2 0 0 5 0 0 8 2 0 
Exa 1.98 
%(3) = 
0.02 
1.15 
0.00 4.89 0. 09 0. 02 9.68 0. 28 0.05 
aExpected frequency under independence. 
^Significant at 1% level. 
Table 14. (Continued) 
Fragments 19 rads 58 rads 57 rads 
Bridges 012 01201
Ho : number of fragments must at lesst equal the number of bridges end the excess 
does not depend on the number of bridges 
Pachytene 
0 Ob. 1476 18 5 1193 22 10 1086 26 22 
Ex. 1476 .38 17.70 4 .91 1190.36 25. 52 9.11 1089. 17 25.49 19.34 
1 Ob. 25 0 0 100 6 0 122 3 0 
Ex. 24 .62 0.30 0 .08 103.00 2. 21 0.79 120. 06 2.81 2.13 
2 Ob. 13 0 0 31 0 0 
Ex. 12.63 0. 27 0.10 29. 77 0.70 0.53 
JX®(3) = 4-64 
Diakinesis 
Ob. 1500 14 1 1467 29 6 870 24 5 
Ex. 1500.97 13,09 0.94 1469. 97 26 .84 5. 19 875. 49 19.46 4.05 
Ob. 93 0 0 174 2 0 145 0 0 
Ex. 92.14 0-80 0.06 172. 25 3 .14 0. 61 141. 21 3.14 0.65 
Ob. 10 0 0 52 0 0 55 0 0 
Ex. 9.91 0.09 0.01 50. 89 0 .93 0. 18 53. 56 1.19 0.25 
Ob. 2 0 0 5 0 0 10 0 0 
Ex. 1.98 
^(3) = 
0.02 
10.11* 
0.00 4. 89 0 .09 o. 02 9. 74 0.22 0.05 
"Significant at 5$ level. 
Table 15. Bridge frequency distribution per cell in four varieties of L. 
longlflorum L. at three doses of irradiation at pachytene 
bridge/ 
cell Ob. 
19 rads 
Exa Exb Exc Ob. Exa 
38 rads 
Exb Exc Ob. Exa 
57 rads 
Exb Exc 
0 
1 
2 
3 
m 
Ace 
470 470.41 461.79 471.19 
20 19.19 27.37 17.69 
0 .39 .81 1.08 
0 .01 .02 .04 
.0408 .0593 .1224 
441 436.29 443.19 443.84 
49 58.59 52.54 44.79 
9 3.93 3.11 
0 .19 .12 
9.02 
1.21 
.1343 .1186 .4029 
355 346.39 347.40 357.11 
46 62.59 61.78 43.61 
13 5.66 5.50 11.82 
1 .36 .34 2.15 
.1807 .1778 .5421 
X Exa(3) = 20.80**; ExD(g) = 30.51**; EXC(6) = 3.87 
0 2.68 268.01 260.09 268.02 
1 2 1.98 9.72 1.95 
2 0 .01 .18 .02 
3 0 .00 .00 .00 
m .0074 .0374 .0222 
Croft 
312 311.91 311.82 313.59 
23 23.21 23.30 20.00 
1 .86 .87 2.23 
0 .02 .02 .17 
.0744 .0747 .2232 
235 230.58 237.79 *35.08 
25 32.95 26.65 24.76 
5 2.35 1.49 
1 .11 .06 
.1429 .1121 
5.31 
.76 
.4287 
jç2: Exa(3) = 12.21**; Exb(8) = 29.53**: Exc(g) = 1.58 
aExpected Poisson distribution. 
^Expected Poisson distribution adjusted to assume linearity. 
^Expected Poisson distribution assuming one-third events are observed. 
**Signifleant at the \% level. 
Table 15. (Continued) 
Bridge/ 19 rada 38 rada 57 rads 
cell Ob. Exa Exb Ex° Ob. Exa Exb Exc Ob. Exa E t P  Exc 
Erabu 
0 557 556.99 540.58 557.00 293 292.19 298.33 294.34 308 304.79 313.82 309.72 
1 2 2.01 18.12 1.99 24 25.65 20.00 21.54 33 39.53 31.55 30.50 
2 0 .00 .30 .01 2 1.13 .67 2.84 6 2.56 1.59 5.93 
3 0 .00 .00 .00 0 .03 .01 .25 0 .11 .05 .76 
m .0036 .0335 .0108 .0878 .0670 .2638 .1297 .1005 .3891 
ypi Exa(g) = 20.80**; Exb( Q) = 30.51**; Exc(g) = 3.87 
Estate 
0 204 204.00 196.90 204.00 200 197.74 198.35 199.08 215 210.41 215.31 214.59 
1 1 1.00 7.94 .99 12 16.56 16.00 14.00 21 30.30 26.05 22.72 
2 0 .00 .16 .01 3 .69 .65 1.76 7 2.18 1.58 4.91 
3 0 .00 .00 .00 0 .02 .05 .15 0 .10 .06 .71 
m .0049 .0403 .0147 .0837 .0806 .2511 .1440 .1210 .4320 
7ç2; Exa(g) = 21.39**; Exb (q)= 35.67**; Ex°(6) = 3.05 
Table 16. Bridge frequency distribution per cell in four varieties of L. 
longlflorum L. at three doses of irradiation at diakinesis 
Bridge/ 19 rads 38 rads 57 rads 
cell Ob. Exa Exb Ex° Ob. Exa Exb Ex° Ob. Exs E^5 Exc 
Ape 
0 753 747.57 747.80 752.26 487 477.64 471.33 487.45 377 358.82 364.35 380.51 
1 50 59.96 59.73 51-07 52 69.97 75.30 52.20 60 91.46 87.31 54.93 
2 6 2.40 2.39 6.14 13 5.13 6.01 11.47 21 11.66 10.46 21.00 
3 1 .06 .06 .49 1 .25 .32 1.68 4 .99 .84 5.09 
4 0 .00 .00 .29 0 .01 .01 .18 1 .06 .05 1.02 
m .0802 .0799 .2406 .1465 .1598 .4395 .9549 .9396 .7647 
-yf-: Exa( 5) = 63.13**; Exb/i;L) = 88.65**; ExC(o) = 2.92 
Croft 
0 290 287.76 283.28 289.19 369 360.04 359.75 370.26 231 217.19 221.16 939.79 
1 16 20.49 94.61 17.77 45 62.25 62.50 44.05 36 60.53 57.64 34.67 
2 3 .73 1.07 1.90 13 5.38 5.43 11.43 17 8.44 7.51 14.49 
3 0 .02 .09 .14 1 .31 .31 1.98 2 .78 .65 4.04 
4 0 .00 .00 .01 0 .01 .01 .26 1 .05 .04 .84 
m .0712 .0869 .2136 .1729 .1737 .5187 .2787 .2606 .8361 
Exa(5) = 50.08**; Exb(11)= 70.38**; Exc(g) = 3.51 
^Expected Poisson distribution. 
bExpected Poisson distribution adjusted to assume linearity. 
^Expected Poisson distribution assuming one-third events are observed. 
**Signifleant at the 1% level. 
Table 16. (Continued) 
Bridge/ 19 rads 38 rads 57 rads 
cell Ob. Exa Exb Ex° Ob. Ex® Exb Exc Ob. Ex® Ex°Ex®" 
Erabu 
0 301 298-10 294.67 300-12 382 369.11 375.51 
o
 
o
 
%
 146 140.78 137.66 149.77 
1 20 24.83 27.96 21.02 53 76.41 71.27 50.50 27 36.93 39.19 21.85 
2 2 1.03 1.33 2.63 17 7.91 6.76 15.00 9 4.84 5. 58 8.60 
3 1 -03 -04 .22 1 .55 .43 3.28 1 -42 .53 2.26 
4 0 .00 .00 .01 1 .03 -02 .50 0 .03 .04 .44 
m .0833 .0949 .2499 .2070 .1898 .6210 .2623 .2847 -7869 
X2' E*a(5) = 28.36**; Exb(1:L)= 101-71**; ExC(g) = 7.22 
Estate 
0 171 171.22 166.21 171.64 264 255.64 255-77 261.87 144 136.89 140.92 146.69 
1 9 8.56 13.25 7.75 25 40.90 40.78 29.70 23 36.71 33.71 21.47 
2 0 .21 .53 .58 10 3.27 3.25 7.13 11 4.92 4.03 8.64 
3 0 .00 .01 .03 1 -17 .17 1.14 1 .44 .32 2.32 
4 0 .00 .00 .00 0 .01 .01 .14 0 .03 .09 .47 
m .0500 .0797 .1500 .1600 .1595 .4800 . 9682 .2392 . 8046 
X2: Exa(4) = 37.64**; Exb(n)= 43.48**; Exc(g) = 4.91 
Table 17. Comparison of bridge frequency per cell at three doses of Irradiation 
at pachytene and diakinesis for four varieties of L. longlflorum L. 
Pachytene Diakinesis 
Varieties 0 1 2 3 0 1 2 3 4 
19 rads 
Ace Ob. 470 20 753 50 6 1 
Ex. 481.96 8.04 756.10 47.41 5.49 1.00 
Croft Ob. 268 2 290 16 3 0 
Ex. 265.57 4.43 288.44 18.09 2.09 0.38 
Erabu Ob. 557 2 301 20 2 1 
Ex. 549.83 9.17 302.44 18.96 2.20 0.40 
Estate Ob. 204 1 171 9 0 0 
Ex. 201.64 3.36 168.0? 10.54 1.22 0.22 
X (3) = 26.83** X2(9) = 3.93 
38 rads 
Ace Ob. 441 49 9 487 52 13 1 0 
Ex. 454.17 39.37 5. 47 478.74 55.78 16.89 1.27 0.32 
Croft Ob. 312 23 1 369 45 13 1 0 
Ex. 305.81 26.51 3. 68 370.52 43.17 13.07 0.99 0.25 
Erabu Ob. 293 24 2 382 53 17 1 1 
Ex. 290.34 25.17 3. 50 393.03 45.79 13.87 1.05 0.26 
Estate Ob. 200 12 3 264 25 10 1 0 
Ex. 195.68 16.96 2. 36 259.71 30.26 9.16 0.69 
£> i—1 6 
X(6) = 10.00 2/ x X (l?) = 7.65 
**Signifleant at the 1% level. 
Table 17. (Continued) 
Pachytene Diakinesis 
Varieties 012 3 0 1 2 34 
57 rads 
Ace Ob. 355 46 13 1 377 60 21 4 1 
Ex. 363.41 40.81 10.12 0.65 373 .90 60. 79 24. 15 3.33 0. 83 
Croft Ob. 235 25 5 1 231 36 17 2 1 
Ex. 232.93 26.16 6.49 0.42 231.77 37. 68 14. 97 2.06 0. 52 
Erabu Ob. 308 33 6 0 146 27 9 1 0 
Ex. 303.86 34.13 8.46 0.55 147.78 24. 03 9. 54 1.32 0. 33 
Estate Ob. 215 21 7 0 144 23 11 1 0 
Ex. 212.79 23.90 5.93 0.38 144.55 23. 50 9. 34 1.29 0. 32 
X(9) ~ 5,13 X2(12) = 2.93 
Table 18. Homogeneity chii-square test for frequency distribution curves in the 
combined data of four varieties for "excess " fragments at pachytene 
and all fragments at diakinesis at three doses of irradiation 
Stage 
19 rads 38 rads 57 rads 
0 , 1 2 0 1 2 0 1 2 
Pachytene Ob. 1501 18 5 1306 28 10 1239 29 92 
Ex. 1504 .61 16.48 2.91 1310. 39 25.75 7.86 1243. 22 32.26 14.52 
Diakinesis Ob. 1603 16 1 1696 31 8 1073 31 5 
Ex. 1599 .39 17.52 3.09 1691. 61 33.25 10.14 1068. 78 27.74 12.48 
92 
Table 19. Test of hypothesis that "excess" fragments are 
one-half of "bridge-fragments" at pachytene 
Varieties 19 rads 38 rads 57 reds 
Ace Observed 
Expected 
.0306 
• 0?04 
.0341 .0530 
.0672 .0904 
Croft Observed 
Expected 
.0111 
.0037 
.0446 .0488 
.0372 .0715 
Erabu Observed 
Expected 
.0161 
.0018 
.0439 .0720 
.0439 .0649 
Estate Observed 
Expected 
.0097 
.0025 
.0279 .0782 
.0419 .072.0 
2 
X  ( i s )  
Excess fragments 
n 
Bridge-fragments 
2n 
Estimate of 
variance of 
^Excess fragments Bridge-fragments 
2n 
(Observed - Expected)^ 
^[^(Observed* '-Expected2) + ^ (Observed + )J 
= 7.85 
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Table 20. "Units of damage" distribution per cell at 
three doses of irradiation at pachytene and 
diakinesis in the combined data of four 
varieties of Lllium longlflorum L. 
Units of . 
damage Ob. Exa Exb Ex 
Pachytene 
0 
1 
2 
1476 
43 
5 
19 rads 
1471.88 
51.22 
0.90 
1433.81 
87.46 
2. 73 
1473.64 
47.78 
2 . 58 
m .0348 0348 .0610 .1044 
0 
1 
2 
1193 
12? 
29 
38 rads 
1175.57 
157.41 
11.02 
1189.64 
145.14 
9.2? 
1195.79 
120.43 
27.78 
m .1339 .1339 .1??0 .4017 
0 
1 
2 
1086 
148 
56 
57 rads 
1054.47 
212.58 
22.95 
1074.38 
196.50 
19.12 
1094.86 
142.04 
53.10 
m 
? : 
X 
.2016 .2016 .1829 
Exa(3) = 68.73**; Exb(5) = 155.12**; ExC(3) = 
.6048 
3.31 
^Expected Poisson distribution. 
^Expected Poisson distribution adjusted to assume 
linearity. 
^Expected Poisson distribution assuming one-third events 
are observed. 
**Signifleant at the 1% level. 
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Table 20. (Continued) 
Units of 
damage Ob. Exa Exb Ex' 
Dlsklnesis 
19 rads 
0 1500 1483.98 1450.09 1495.12 
1 100 130.14 160.67 109.88 
2 18 5.17 8.90 14.36 
3 2 0.17 0.33 1.26 
4 0 0.00 0.01 0.68 
m .0877 .0877 .0961 .2630 
38 rads 
0 1476 1432.59 1397.22 1484.92 
1 201 281.79 309.76 190.13 
2 60 27.71 34.34 56.09 
3 6 1.82 2.54 11.03 
4 1 0.09 0.14 1.63 
A. 
m .1967 .1967 . 1923 .5900 
57 rads 
0 870 825.77 795.30 891.96 
1 166 243.52 264 .44 135.01 
2 61 35.90 43.96 59.72 
3 9 3.53 4.88 17.61 
4 3 0.26 0.41 3.89 
/X 
m . 2949 .2949 .2784 .8846 
Ex&(9) = 211.01**; Exb(n) = 172.01**; E*C(10)= 17.80 
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APPENDIX B 
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An example of estimating two missing values in the diekinesis 
data of variety Ace is as follows: 
Let x and y be the missing values 
D^, Dg, and Dg are three irradiation doses 
Bl> B2» •••» b8 are eight buds 
G is the total of all eight buds at three doses of 
irradiation without missing values 
k is the fixed constant 
S.S. doses = D1 * ^ + P5 - + Z + Y)2 
8 24 
S.S. buds = + ...B: 
o 
_  ( &  +  x  +  y ) 2  
24 
S.S. error = k + ^ ^ ^  + j)? 
(Bg + x)2 (B4 + y)^ 
" 3 3 
By minimizing error S.S. 
Px + & + x + y _ Dg + % + 7 _ 2(83 + x)2 _ 
12 4 3 
or x = 3Dg + ?Bg + B4 — G) = .1996 
y = ^(3Dg + 7B4 + Bg - G) = . 22.50 
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APPENDIX C 
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The proof of the Poisson character of the distribution of 
damage per cell for fixed limited loci and the functional 
dependence of the expected curve of damage per cell on dose 
intensity if as follows: 
Notation and assumptions 
3 
•3 
2 
4 
1. 1 to 4 be the four vulnerable loci on two non-homo-
logous chromosomes close to each other in the cell 
(or a bivalent in the case of meiotic irradiation). 
2. p be the probability of irradiation particles to 
strike any one vulnerable location. 
3. n be the number of irradiation particles. 
4. If a vulnerable location is struck, then breakage 
at that location occurs with probability 1. 
5. A bridge is only formed when two adjoining vulner­
able locations are struck. 
6. if adjoining vulnerable locations are struck then 
a bridge is formed with a probability 1/3 Thus if 
all vulnerable locations are struck then the prob­
ability of forming two bridges in a bivalent is 1/9. 
Case I 
One radiation hit breaks vulnerable locations 1 and 2 or 
3 and 4, considering one pair of chromosomes (or bivalent in 
the case of meiotic irradiation). Table 21 is the probability 
table, where (x) Indicates a strike, and (-) indicates a miss. 
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Table 21. Probability table 
Vulnerable location 
1,2 3,4 Bridge Probabilities 
0 (l - 2p)n 
0 2/3 [(1 - p)n - (l - 2p)n] 
1 1/3 [ " J ] 
1/3 L " ^ 
0 2/3 [ 
1 
0 4/9[1 - 2(1 - p)n + (l - 2p)n] 
1 4/9 [ " 
2 1/9L " ^ 
The probabilities of forming 0, 1, and 2 bridges pre as 
follows: 
P(°) = | + |(1 - p)n + 1(1 - 2p)n 
P(l) = | -|(1 - p)n - f(l - 2p)n 
P(2) = ^ - |(l - p)n - ^ (l - 2p)n 
But p is small and n is large ; hence (1 - kp)n = e~^m, where 
m = np. Thus the above equation will reduce to 
p ( o )  =  g(4 + 4e"m + e"2m) 
P(l) = |(e - e"m - e"2") 
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P(2) = |(l - 2e"m + e"2m) 
Let Me be the mean of the distribution 
Me = §(l - e"m) 
m 
- 
in(r^' 
and the distribution then simplifies to 
P(0) = 1 - Me + 
4 
P(l) = Me - Hfi? 
2 
P(2) = ^  
This distribution is Poisson to the first order, e.g. 
= Me, as in the Poisson. 
Case II 
One radiation hit breaks only one vulnerable location -
"two-hit hypothesis". Table 22 is the probability table, 
where (x) indicates a strike, and (-) indicates a miss. 
The probabilities of forming 0, 1, and 2 bridges are 
as follows: 
P(0) = 0" - ^ ( 1 - p)n + 0"( 1 - 2p)n - |-( 1 - 3p)n + l(l - 4p)n 
= |(4 - 4e"m + 6e"2m - 4e"3m + e"4m) 
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Table 22. Probability table 
Vulnerable 
location 
12 3 4 Bridge Probabilities 
— — — — 0 ( 1—4x3 ) 
X 
X X 
0 ( l-ep)n-( l-4p)n 
x - - 0 
- x - 0 
X 0 
0 2/3[(l-2p)n-2(l-3p)rMl-4p)n] 
1/3 I " ] 
2/3 [ " ] 
1/3 [ " ^ 
- x - 0 (l-2p)n-2(l-3p)n+(l-4p)n 
x x -  0  "  
1 
xx 0 
1 
- x - x 0 
x - - x 0 
X X X -
1 
xx 0 
0 2/3 [( 1-p ) n-3 ( l-2p ) n+3 ( l-3p )n- ( l-4p )n] 
1/3 [ 
2/3 [ " 
1 1/3 [ " 
x x - x 0 2/3 [ 
1 1/3 [ 
x x x  0  
1 
2/3 [ " ] 
1/3 [ " ] 
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Table 22. (Continued) 
Vulnerable 
location 
12 3 4 Bridge Probabilities 
X X X X 0 4/9 [1-4 (l-p)n+6( l-2p ) n-4 ( l-3p ) n+ ( l-4p ) nJ 
1 4/9L " 3 
2 4/9 L " J 
P(l) = | -|(l - p)n - |(l - 2p)n + |(1 - 3p)n - |(l - 4p)n 
= §(2 - 2e"m - 3e"2m + 4e"3m - e~4m) 
P(2) = g-|(l - p)n + §(1 - 2p)n - |(l - 3p)n + ^ (l - 4p)n 
= 1(1 - 4e-m + 6e"2m - 4e"3m) + e'4m) 
Let Me be the mean of the distribution, then 
Me = &(l - e"m)2 
m = ln( ±—) 
1 _ 
2 
and the distribution simplifies to 
P(0) 3 1 . Me + 
P(l) = Me -
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This distribution is Poisson to the first order, £•.£• 
p( i ) 
Y Ç qJ  = Me as in the Poisson. 
Case III 
One radiation hit breaks vulnersble location 1 and 2 or 
3 and 4, considering two pairs of chromosomes (or bivalent 
in the case of meiotic irradiation). Conclusions arrived at 
on the basis of two chromosome pairs are extendable to the 
case of many chromosome pairs. The computations are shown In 
Table 23. 
The probabilities of forming 0, 1, 2, 3, and 4 bridges, 
computed by summing suitable terms of Table 23, are as fol­
lows : 
p(o) = gi (e"2m + 4e~m * 4)2 
P(l) = gf (e~2m • 4e~m + 4)(-2e~2m - 2e~™ <- 4) 
P(3) = gf (e~2m t 4e~m + 4)(e-%" - ge"m + l) 
+ gi (-Se"2m - 8e"™ + 4)2 
P(3) = gf Use"2™ - ?e~® + 4)(e"So - Se"m + l) 
P<4) = gl (e_2nl - 2e'm + I)2 
The mean Me of the above distribution equals 
§ (1 - e-m) 
This distribution, if expressed in terms of Me, again is 
revealed to be of Poisson character, as In Cases I and II. 
Table 23. Listing of damage combination possibilities, considering two pairs 
of chromosomes, and their probabilities 
Chromosome 
pair 1 
Chromosome 
pair 2 
Total 
damage 
Probabilities of total 
in terms of Me 
damage 
0 0 0 _1 
81 
e 2m + 4 e m + 4)2 
0 1 1 81 e"
2m + 4e"m + 4)(_9e-2* - 2e"m + 4) 
1 0 1 81 
11 ) (  » )  
2 0 2 _X 81 
II )(e"2m - 2e~m + 1) 
1 1 2 81 -Se-*" - 2e-m 
+ 4)2 
0 2 2 _1 81 e"
?m + 4e"m + 4)(e-2m - Pe~m + 1) 
1 2 3 1 81 -2e"
2m 
- 2e"m + 4)(e"2m - 2e"m + l) 
2 1 3 _1 81 
II ) (  it )  
2 2 4 _1 Q1 e"2m - 2e"m + d2 
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Conclusions 
1. Both the one-hit and two-hits assumptions lead to 
damage distributions of Poisson character. 
2. Under the one-hit assumption, the relation between 
damage and radiation intensity may be expected to 
be of exponential type, giving the appearance of a 
straight line through the origin; under the two-hits 
assumption, this relation may be expected to be of 
"square exponential" type, exhibiting an apparent 
threshold somewhere to the right of the origin. 
